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Abstract. The Mediterranean starry ray, Raja asterias, considered endemic in the Mediterranean, has recently
been reported by other authors from Atlantic fisheries in southern Portugal and northern Morocco. There has been,
however, no substantiated record of the species outside the Mediterranean. This fact and the easiness of confusion
of R. asterias with other species have probably prevented those records from being taken into account in the recent
catalogue of North Atlantic elasmobranchs species, in the assessment of the population status of this species, and in
recent annotated global checklists of chondrichthyans. In our study, a specimen of R. asterias was collected from the
Gulf of Cadiz and its species identity was assessed based on morphological and molecular methods. The presently
reported finding constitutes a substantiated record of R. asterias from the Atlantic. Based on this record, previously
reported catches of the Mediterranean starry ray in the Atlantic should be confirmed, and if so, these populations
should be included in future assessments of this vulnerable species and in the description of its geographic distribution.
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The Mediterranean starry ray, Raja asterias Delaroche,
1809, was described based on a specimen of a fish species
that was commonly found in the fish market of Barcelona,
in the north-eastern coast of Spain. It is a benthic species
that predominantly lives in the continental shelf, from
very shallow waters near the shore down to 200 m
depth (Serena 2005), although it has been reported from
343 m depth in the Ionian Sea (Mytilineou et al. 2005).
The maximum size of the species is 94 cm total length,
although the majority of specimens have a total length
of 76 cm or less (Weigmann 2016). The Mediterranean
starry ray is present in the whole Mediterranean, it less
commonly occurs in the eastern part, and is absent in
the Black Sea (Serena 2005), but in general, it shows a
decline in terms of abundance (Abella and Serena 2005,
Coll et al. 2013, Navarro et al. 2013). In the western and
central Mediterranean the species can be locally more
abundant, occurring as a by-catch in the landings from the

d, morphological description, molecular evidences

Catalan Sea, the Gulf of Lions, the Ligurian-, Tyrrhenian-,
and Adriatic seas, and off the coasts of Tunisia, Algeria,
and Morocco (Barone et al. 2007, Hemida et al. 2007,
Romanelli et al. 2007, Coll et al. 2013, Navarro et al.
2013, Farrugio 2015, Serena et al. 2015, Ferra et al. 2016,
Fatimetou and Younes 2016).

The TUCN Red List assessed R. asterias as a near
threatened species (Serena et al. 2015). In that assessment,
regarding the geographic range, it was pointed out that
this species “can probably be considered endemic in the
Mediterranean Sea”, although it “may also occur in the
Atlantic, near the southern coast of Portugal (Serena
2005)”. The extended distribution of R. asterias to the
adjacent areas of the Atlantic had already been suggested
before by Stehmann and Biirkel (1984), who reported
its possible distribution in southern Portugal although
considered it as questionable, and by Fischer et al. (1987).
More recently, the species has not been included in the
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FAO species catalogue of sharks, batoids and chimaeras
of the North Atlantic, which includes the Gulf of Cadiz
(Ebert and Stehmann 2013), and was reported as endemic
to the Mediterranean Sea in an annotated global checklist
of chondrichthyans (Weigmann 2016).

However, the species appears in works from the North
Atlantic coast of Morocco (Serghini et al. 2008, Tai et
al. 2010), and the southern coast of Portugal (Coelho
et al. 2005). Tai et al. (2010) reported R. asterias as the
most important skate species exploited in the northern
area off the Moroccan Atlantic coast, whereas Coelho et
al. (2005) ranked the species among the most important
elasmobranchs from trammel net catches in southern
Portugal. None of those works presented morphological
or molecular evidences, or even a picture, of the species in
order to evidence the identification.

The absence of a substantiated record confirming
the presence of R. asterias with morphological and/or
molecular evidences has probably prevented that those
records were taken into account in recent works dealing
with the geographical distribution of this species (Ebert
and Stehmann 2013, Serena et al. 2015, Weigmann
2016). Hence, in this work we used morphological
characteristics and molecular techniques to report the
presence of R. asterias from the Gulf of Cadiz, North-
eastern Atlantic.

An individual of R. asterias was collected during the
bottom trawl survey ARSA0316. The survey was carried
out on board the R/V Miguel Oliver in the Gulf of Cadiz
(Fig. 1) from 21 February to 6 March 2016. The fishing
gear used during the survey was the otter bottom trawl
Baca 44/60 (ICES 2010) with a codend mesh size of 20
mm. The individual was caught on 22 February from a
42 m depth sampling station located at 36°10'47"N and
06°12'03"W (Fig. 1). Morphometric measurements and
external observations were recorded for the specimen.
The individual was fixed and preserved in 4% formalin
and is kept in the Marine Fauna Collection” based at the
Centro Oceanografico de Malaga, Instituto Espaiiol de
Oceanografia, where it is labelled as CFM-IEOMA6087.
Genomic DNA was extracted from muscle tissue sample
following the protocol proposed by Terrasa et al. (2009).
The PCR (polymerase chain reaction) and the universal
primers L14724 and H15175 (Ivanova et al. 2007) were
used to amplify the cytochrome c oxidase subunit I
(COI) fragment. The PCR thermal profile used during the
PCR cycles at 96°C for 5 min; then 35 cycles at 94°C for
60 s, 56°C for 60 s and 72°C for 60 s, followed with a final
extension at 72°C for 10 min. The PCR product was purified
using the commercial kit QIAquick PCR Purification Kit
(QIAGEN). Both heavy and light strands were sequenced
on an automated ABI 3130 sequencer using ABI Prism
Terminator BigDye TM Cycle Sequencing Reaction Kit
(Applied Biosystems). Sequence was edited and aligned
using BioEdit v. 7.0.5.2 (Hall 1999). The DNA sequence
obtained was deposited in the GenBank database™ and,

* hittp://www.ma.ieo.es/cfin/.
™ http://www.ncbi.nlm.nih.gov/genbank/.
" hitp://www.boldsystems.org.
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Fig. 1. Map showing the sampling station (black star)
where the studied individual of Raja asterias (CFM-
IEOMAG6087) was collected. The 50, 100, 200,500, 800
and 1000 m isobaths are shown

BOLD database™ (Barcode of Life Data Systems)
(Ratnasingham and Hebert 2007).

In order to compare our sample with other Raja species
from the Mediterranean and North-castern Atlantic, we
downloaded from the GenBank the COI sequences of
the phylogenetically and morphologically closest species
present in the area (Ball et al. 2016). The maximum
likelihood (ML) method was used to infer phylogenetic
relation between taxa, using the Hasegawa-Kishino-Yano
(1985) methodology with invariant sites (HKY+I) as
substitution model, selected by AIC test implemented in
jModelTest v.2.1.7 (Darriba et al. 2012). The phylogenetic
tree was assessed by bootstrap procedure (1000 replicates)
using Mega v.6 (Tamura et al. 2013). This software was
also used to estimate the genetic distance (p-distance) and
identity percentage between DNA sequences.

The R. asterias individual from the Gulf of Cadiz was
a female of 61.5 cm total length and weighing 1504.3
g. It was capable to reproduce and was found in a pre-
spawning maturity stage, with presence of eggs but not
capsules. It belongs to the genus Raja Linnaeus, 1758,
which includes small to large skates, with a snout very
short and broad, and a tail moderately long and slender
(Last et al. 2016). The morphometric and meristic
measures of the specimen are summarized in Table 1.
The collected specimen was identified as a R. asterias
based on the following traits: snout short and obtuse; disc
wider than long with anterior margin slightly sinuous;
upper surface mainly prickly; regular median row of
thorns (76) from nape to first dorsal fin, and one parallel
row of thorns on each side of tail (19-21 thorns); dorsal
fins prickly with length of the base longer than distance
between them; 3 preorbital and 2 postorbital thorns; 42
tooth rows in upper jaw; underside surface of disc white
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Table 1
Morphometric (in cm) and meristic characters of Raja
asterias CFM-IEOMAG6087 caught in the Gulf of Cadiz

(North eastern Atlantic)
Value
Character
[em] No. [TL%]

Total length 61.5

Disc width 41.7 67.8
Disc length 325 52.8
Snout tip to max disc width 27.3 444
Preorbital snout length 8.0 13.0
Orbit diameter 2.0 33
Orbit + spiracle length 2.7 43
Spiracle length 0.7 1.1
Interorbital width 3.1 5.0
Distance between spiracles 4.1 6.7
Precaudal length 32.8 533
Tail length to first dorsal fin 17.3 28.1
Tail length to second dorsal fin 21.9 35.6
Tail length 31.0 50.4
Preoral length 6.4 10.5
Prenarial length 5.0 8.0
Mouth width 53 8.7
Internarial distance 2.3 3.8
Distance between first gill slit 9.0 14.6
Distance between fifth gill slit 5.6 9.0
Tail width at axil of pelvic fins 2.8 4.5
Tail height at axil of pelvic fins 1.6 2.5
First dorsal fin base 4.1 6.7
First dorsal fin height 1.8 2.9
Second dorsal fin base 4.0 6.6
Second dorsal fin height 1.5 2.5
First dorsal fin to caudal fin tip 6.5 10.5
Second dorsal fin to caudal fin tip 2.1 34
Thorns in median row (nape to D1) 76

Thorns in lateral row of tail (left side) 19

Thorns in lateral row of tail (right side) 21

Tooth rows upper jaw 42

Tooth rows lower jaw 46

No. = number; Percentages of morphometric characters [TL%] are
relative to the total length; nape to D1 = from nape to first dorsal fin.

and smooth, except for prickly snout; upper surface grey,
covered more or less uniformly by small black dots; and
presence of white-yellow spots surrounded by small
black dots (Fig. 2). These characters were coincident
with those described for R. asterias in Stehmann and
Biirkel (1984), Serena et al. (2010), and Last et al. (2016)
except for the number of thorns in the median row which
in our specimen was larger than the range given in those
works (50-70).

A total of 591 base pairs of the COI mitochondrial
DNA fragment were sequenced (GenBank ID: KY474344).
The nucleotide frequencies were T = 28.6, C =30.29, A=
24.03, and G = 17.09. The comparison of COI sequences
revealed low genetic distance (p distance = 0.001/0.005)
and a high percentage of identity (99.9/99.45) (Table 2)

between the individual studied and R. asterias individuals
from Algeria and Italy, supporting the morphological
identification. The studied individual showed the greatest
genetic distance and lowest percentage of identity when
compared with Raja brachyura Lafont, 1871, followed by
Raja montagui Fowler, 1910, and Raja clavata Linnaeus,
1758 (Table 2). Likewise, the phylogenetic tree included
the studied individual into R. asterias cluster, which is
supported by a high bootstrap probability (»p = 100%,
Fig. 3).

The presently reported study constitutes the first
substantiated record of R. asterias from the Gulf of
Cadiz, North-eastern Atlantic. Although the species
appears in several works in the Atlantic (Coelho et al.
2005, Serghini et al. 2008, Tai et al. 2010), these works
have not been taken into account in a recent assessment
of the species (Serena et al. 2015), an elasmobranch
catalogue that includes the Gulf of Cadiz (Ebert and
Stehmann 2013), and a recent annotated global checklist
of chondrichthyans (Weigmann 2016). The absence of
a substantiated record of the species in the Atlantic and
also the reported easiness of confusion of R. asterias
with R. brachyura (see Serena et al. 2015), may be the
reasons for which the mentioned works from the Atlantic
have not been taken into account.

The phylogenetic and genetic distance of the individual
studied showed a closer genetic relation with Algerian
than with Italian individuals, indicating that due to the
geographical proximity, the populations in the Atlantic
and those in the western Mediterranean could be the same
or be in contact through the Strait of Gibraltar. Further
work should be done to confirm this hypothesis.

Assuming the easiness of confusion of R. asterias
with other species, its presence in the Atlantic should be
verified in the areas where it has been previously reported.
If confirmed, and catches of the Mediterranean starry ray
in the Atlantic are so important as reported in Coelho et al.
(2005) and Tai et al. (2010), the species should no longer
be considered endemic to the Mediterranean. Moreover,
the populations in the Atlantic should be taken into account
in future assessments of the state of this vulnerable species
and in the description of its geographic distribution.
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Fig. 2. Dorsal view of Raja asterias (CFM-IEOMAG6087) collected from the Gulf of Cadiz

Table 2

Mean value of genetic distances (p distance, lower triangular matrix comparisons) and percentage of identity (upper
triangular matrix comparisons) for cytochrome c oxidase subunit I (COI) fragment from Raja species, below and
above the diagonal, respectively

GC = Gulf Cadiz, AL = Algeria, IT = Italy, PO = Portugal; Comparison of Raja asterias are according to sampling localities. The GenBank

accession numbers of individuals used in the comparison are those indicated in Fig. 3.

Species R. asterias R. asterias R. asterias R. clavata R. brachyura R. montagui

p GC AL IT IT, PO IT, PO IT, PO
Iéc‘”’e”“s 99.94 99.45 95.24 93.23 93.47
R. asterias 0.001 99.5 95.18 93.17 93.41
AL
fT' asterias 0.0055 0.005 94.69 92.68 93.3
R. clavata
IT. PO 0.0474 0.048 0.053 95.41 95.24
R. brachyura
T PO 0.0677 0.068 0.073
R. montagui
IT. PO 0.0663 0.067 0.068
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100

Raja brachyura KT307395 (ltaly)
Raja brachyura KT307396 (Italy)
Raja brachyura KT307392 (ltaly)

89

Raja brachyura HM043203 (Portugal)
Raja brachyura HM043202 (Portugal)
Raja brachyura HM043201 (Portugal)

Raja montagui HM043207 (Portugal)

99

Raja clavata GU805374 (ltaly)
Raja clavata GU805377 (ltaly)
Raja clavata GU805375 (ltaly)

l_Raja montagui HM043208 (Portugal)
Raja montagui HM043204 (Portugal)

o1 Raja montagui GU805145 (ltaly)
— | |— Raja montagui GU805148 (ltaly)
66 | Raja montagui GU805146 (ltaly)
Raja clavata HM043194 (Portugal)

74 li
Raja clavata HM043193 (Portugal)

99 | Raja clavata HM043195 (Portugal)

Raja asterias CFM-IEOMA6087 (Gulf of Cadiz)
Raja asterias KT307374 (Algeria)

0.01

100 | Raja asterias KT307376 (Algeria)
Raja asterias KT307381 (Algeria)
Raja asterias GU805387 (ltaly)
Raja asterias GU805385 (Italy)
86 | Raja asterias GU805386 (ltaly)
Raja asterias GU805388 (ltaly)

Fig. 3. Maximum likelihood tree based on the cytochrome ¢ oxidase subunit I (COI) fragment of Raja species from
Mediterranean and North-eastern Atlantic; The GenBank accession numbers are indicated next to species name and
the sampling localities are shown between brackets; The GenBank accession number of the individual studied from

the Gulf of Cadiz (CFM-IEOMAG6087) is KY474344

REFERENCES

Abella A.J., Serena F. 2005. Comparison of elasmobranch
catches from research trawl survey and commercial
landings at Port of Viareggio, Italy, in the last decade.
Journal of Northwest Atlantic Fishery Science 35:
345-356.
DOI: 10.2960/J.v35.m526

Ball R.E., Serra-Pereira B. Ellis J., Genner M.J.,
Iglésias S., Johnson A.F., Jones C.S., Leslie R.,
Lewis J., Mariani S., Menezes G., Neat F., Noble
L.R., Sims D.W., Griffiths A.M. 2016. Resolving
taxonomic uncertainty in vulnerable elasmobranchs:
Are the Madeira skate (Raja maderensis) and the
thornback ray (Raja clavata) distinct species?
Conservation Genetics 17 (3): 565-576.
DOI: 10.1007/5s10592-015-0806-1

Barone M., De Ranieri S., Fabiani O., Pirone A., Serena
F. 2007. Gametogenesis and maturity stages scale
of Raja asterias Delaroche, 1809 (Chondrichthyes,
Rajidae) from the south Ligurian Sea. Hydrobiologia
580: 245-254.
DOI: 10.1007/978-1-4020-6156-1 22

Coelho R., Erzini K., Bentes L., Correia C., Lino P.G.,
Monteiro P., Ribeiro J., Gong¢alves J.M.S. 2005.
Semi-pelagic longline and trammel net elasmobranch
catches in southern Portugal: Catch composition,
catch rates and discards. Journal of Northwest Atlantic
Fishery Science 35: 531-537.

Coll M., Navarro J., Palomera I. 2013. Ecological
role, fishing impact, and management options for the
recovery of a Mediterranean endemic skate by means
of food web models. Biological Conservation 157:
108-120.

DOI: 10.1016/j.biocon.2012.06.029

Darriba D., Taboada G.L., Doallo R., Posada D. 2012.
jModelTest2: more models, new heuristics and parallel
computing. Nature Methods 9 (772): 772.

DOI: 10.1038/nmeth.2109

Ebert D.A., Stehmann M.F.W. 2013. Sharks, batoids,
and chimaeras of the North Atlantic. FAO Species
Catalogue for Fishery Purposes. No. 7. FAO, Rome.

Farrugio H. 2015. Sicily Channel/Tunisian Plateau:
Status and conservation of fisheries. UNEP-MAP-
RAC/SPA, Tunis.



106

Ordines et al.

Fatimetou M.K., Younes S. 2016. Diet of Raja asterias
(Delaroche, 1809) caught along the Mediterranean part
of the Moroccan coast (northern Morocco). Journal
of the Black Sea/Mediterranean Environment 22 (2):
182-189.

Ferra C., Fabi G., Polidori P., Tassetti A.N., Leoni S.,
Pellini G., Scarcella G. 2016. Raja asterias population
assessment in FAO GFCM GSA17 area. Abundance,
distribution and demographic composition of the
Mediterraneanstarryray, Rajaasterias(Chondrichthyes:
Rajidae), in the northern and central Adriatic Sea.
Mediterranean Marine Science 17 (3): 651-660.

DOI: 10.12681/mms.1657

Fischer W., Bauchot M.-L., Schneider M. (eds.) 1987.
Fiches FAO d’identification des espéces pour les
besoins de la péche. Méditerranée et Mer Noire. Zone
de péche 37. Vol. 2. Vértébres. FAO, Rome.

Hall T.A. 1999. BioEdit: a user-friendly biological
sequence alignment editor and analysis program for
Windows 95/98/NT. Nucleic Acids Symposium Series
41: 95-98.

Hasegawa M., Kishino H., Yano T. 1985. Dating the
human-ape split by a molecular clock of mitochondrial
DNA. Journal of Molecular Evolution 22 (2): 160—174.
DOI: 10.1007/BF02101694

Hemida F., Sergoua W., Seridji R. 2007. Nouvelle liste
commentée des raies du basin Algérien. Rapport de la
Commission Internationale pour la Mer Méditerranée
38: 497.

Ivanova N.V., Zemlak T.S., Hanner R., Hebert
P.D.N. 2007. Universal primer cocktails for fish
DNA barcoding. Molecular Ecology Notes 7 (4): 544—
548.

DOI: 10.1111/5.1471-8286.2007.01748.x

Last P.R., Séret B., Stechmann M.F.W., Weigmann S.
2016. Skates, family Rajidae. Pp. 204-363. In:
Last P.R., White W.T., Carvalho M.R. de, Séret B.,
Stehmann M.F.W, Naylor G.J.P (eds.) Rays of the
World. CSIRO Publishing, Melbourne.

Mytilineou C., Politou C.-Y., Papaconstantinou C.,
Kavadas S., D’Onghia G., Sion L. 2005. Deep-water
fish fauna in the eastern lonian Sea. Belgian Journal of
Zoology 135 (2): 229-233.

Navarro J., Coll M., Preminger M., Palomera 1.
2013. Feeding ecology and trophic position of a
Mediterranean endemic ray: Consistency between
sexes, maturity stages and seasons. Environmental
Biology of Fishes 96 (12): 1315-1328.

DOI: 10.1007/s10641-013-0109-7

Ratnasingham S., Hebert P.D.N. 2007. BOLD: The
Barcode of Life Data System (www.barcodinglife.
org). Molecular Ecology Notes 7 (3): 355-364.

DOI: 10.1111/5.1471-8286.2007.01678.x

Romanelli M., Colasante A., Scacco U., Consalvo 1.,
Finoia M.G., Vacchi M. 2007. Commercial catches,
reproduction and feeding habits of Raja asterias

(Chondrichthyes: Rajidae) in a coastal area of the
Tyrrhenian Sea (Italy, northern Mediterranean). Acta
Adriatica 48 (1): 57-71.

Serena F. 2005. Field identification guide to the sharks and
rays of the Mediterranean and Black Sea. FAO species
identification guide for fishery purposes. FAO, Rome.

Serena F., Abella A., Walls R., Dulvy N. 2015. Raja
asterias. The ITUCN Red List of Threatened Species
2015: e.T63120A48913317.

DOI: 10.2305/IUCN.UK.2015-1.RLTS.T63120A48913317.en

Serena F., Mancusi C., Barone M. (eds.) 2010.
Guida pratica di identificazione delle razze del Mar
Mediterraneo. Linee guida per la raccolta e 1’analisi
dei dati. Field identification guide to the skates
(Rajidae) of the Mediterranean Sea. Guidelines for data
collection and analysis. Biologia Marina Mediterranea
17 (Suppl. 2): 1-204.

DOI: 10.13140/2.1.2414.9764 [In Italian and English.]

Serghini M., Boutayeb A., Boumaiazi A., Srairi A.,
Mesfioui A., Zoubi A., Dridi A. 2008. Stability of
the spatial structures of demersal assemblage in the
Moroccan southern Atlantic zone. Applied Ecology
and Environmental Research 6 (1): 117-127.

Stehmann ML.E.W., Biirkel D.L. 1984. Rajidac. Pp.
163—196. In: Whitehead P.J.P., Bauchot M.L., Hureau
J.C., Nielsen J., Tortonese E. (eds.) Fishes of the
North-eastern Atlantic and Mediterranean. Vol. 1.
UNESCO, Paris.

Tai 1., Benchrifi S., Zoubai A., Ramdani M., Yahyaoui
A., Bazairi H. 2010. Contribution a 1’étude de la
reproduction et de la croissance de la raie étoilée Raja
asterias Delaroche, 1809 dans la région nord atlantique
marocaine en 2005. Bulletin de I’Institut Scientifique,
Rabat, section Sciences de la Vie 32 (2): 73-80.

Tamura K., Stecher G., Peterson D., Filipski A.,
Kumar S. 2013. MEGA6: Molecular Evolutionary
Genetics Analysis Version 6.0. Molecular Biology and
Evolution 30 (12): 2725-2729.

DOI: 10.1093/molbev/mst197

Terrasa B., Pérez-Mellado V., Brown R.P., Picornell
A., Castro J.A., Ramon M.M. 2009. Foundations for
conservation of intraspecific genetic diversity revealed
by analysis of phylogeographical structure in the
endangered endemic lizard Podarcis lilfordi. Diversity
and Distributions 15 (2): 207-221.

DOI: 10.1111/j.1472-4642.2008.00520.x

Weigmann S. 2016. Annotated checklist of the living
sharks, batoids and chimaeras (Chondrichthyes) of
the world, with a focus on biogeographical diversity.
Journal of Fish Biology 88 (3): 837—1037.

DOI: 10.1111/jb.12874

Received: 18 January 2017
Accepted: 14 February 2017
Published electronically: 31 March 2017



